Introduction
This study reports on updated cause-specific mortality in a cohort of workers employed at a 1,3-butadiene production plant. The plant was built during World War II in Port Neches, TX, to supply 1,3-butadiene to two adjacent rubber manufacturing facilities. This cohort was the subject of an earlier report (1) that covered the period from the beginning of plant operation through 1979 . The cohort consisted of all males who were employed at the plant for at least 6 months between the time the plant began operation in 1943 and the end of
1979.
The earlier report found a statistically significant deficit for all causes of death and lower than expected mortality for almost all the leading causes of death. The only significant excess cause of death seen was for lymphosarcoma and reticulum cell sarcoma. The cohort was divided into four exposure groups (routine, nonroutine, low, and unknown) and mortality was examined for each ofthe groups. The standardized mortality ratios (SMRs) for non-Hodgkin's lymphomas (International Classification of Diseases codes 200, 202, 203, and 208) were elevated in all three known exposure groups. Direct comparisons between the low exposure group and each of the exposure groups for this cause of death were inconsistent. Because of the continuing interest in determining whether 
Methods
The study population is the same as that in the earlier report (1) . The data were obtained from the previous investigators and merged with company computerized personnel files. Company data were used to update information on those persons still employed or known to be deceased. Dates of termination were obtained for those who left after the previous study end date. Further edits were done, and two duplicate records and two females were removed from the cohort.
Information was obtained from the Social Security Administration (SSA) for those whose vital status was unknown. This included all persons not known to be currently working for the company or those noted as deceased but for whom a death certificate was not located. SSA data were complete through 1985 although a number of deaths in 1986 and 1987 were also identified. Death certificates were requested from the states identified by SSA as most likely to have the information. At the time of this report, death certificates had been received from Texas, Louisiana, Ohio, and Mississippi. All death certificates were coded for underlying cause of death by a trained nosologist according to the Eight Revision rules of the International Classification of Diseases (ICD). Information on those whose vital status was unknown after the SSA search was submitted to the National Death Index (NDI). The NDI records were searched for possible matches for deaths from 1979 through 1986 .
The qualitative exposure classification scale developed for the previous report (1) was again used. There were four exposure groups: low exposure, routine exposure, nonroutine exposure, and unknown exposure. Each person was assigned to an exposure group based on his department code. Although no industrial hygiene sampling data are available for most of the period covered by the study, a review of current sampling data results supports the groupings.
Analysis of mortality was performed using Monson's computer program (2) to compare the observed and expected number of deaths with the U.S. white male population as the comparison group. White male rates were used because of uncertainties about the validity of the race information in the company files and because of the small number of blacks who worked at the plant. Person-years were accrued beginning when the person met the cohort eligibility criteria of 6 months of employment. Those persons with vital status unknown were assumed to be lost to study on the date last observed. Those persons who were alive as of the earlier study end-date of 12/31/79 and for whom the NDI could find no match were assumed to be alive. Persons known to be deceased but for whom no death certificate could be located were counted in the all-causes mortality but not in the cause-specific mortality results.
It should be noted that while the previous report (1) 
Results
The final cohort consisted of 2582 men who had worked for at least 6 months prior to the end of 1979. Table 1 shows the demographic and other characteristics of the total cohort and of the four exposure cohorts described above. There were 74,219 person-years of follow-up, and the mean duration of survival was 28.7 years. There were 826 deaths known to have occurred in the cohort through 1985, and death certificates were obtained for all but 49 (6%) of them. There were 1708 persons still alive at the end of the study (66%) and 48 (1.9%) lost to follow-up. Table 2 shows the SMRs for selected causes of death for the total cohort and for those employed greater than 5, 10, and 20 years. The SMR for all causes of death for the total cohort is significantly low at 84, as well as the all-cancer SMR at 80. Deficits are again seen for almost all the leading causes of death. There is an elevated SMR of 130 for lymphatic and hematopoietic cancer, which is almost entirely due to the significantly increased SMR of 229 for lymphosarcoma and reticulosarcoma. The increase for lymphosarcoma is seen primarily in those employed fewer than 10 years. The only cause of death that increases as years of employment increases is cancer of the kidney, but both the observed and expected Table 3 shows the SMRs for selected causes of death for those first employed during World War II versus those who were first employed after the war. The allcauses SMR is similar for the two groups. The SMR is increased for lymphohematopoietic cancer for both subcohorts. Almost all the excess for those first employed during the war is due to the significantly elevated SMR for lymphosarcoma (SMR = 269). For those first employed after the war, elevated SMRs are seen for lymphosarcoma, Hodgkin's disease, and cancer of other lymphatic tissue. None of these is statistically significant, and the numbers of observed deaths are small. Cancers of the large intestine and the pancreas are nonsignificantly elevated for those first employed postwar, whereas deficits were seen for those first employed during the war. There is a slight elevation for leukemia (SMR = 112) in those first employed during the war, but it is based on less than one death. Table 4 shows the SMRs for selected causes of death for each of the exposure groups for all in the subgroup and for those employed 10 years or more in the group. All groups except the unknown exposure group show elevated SMRs for lymphohematopoietic cancer for those ever in the group. For the low exposure group, the excess is due to elevated SMRs for lymphosarcoma and Hodgkin's disease; both of these are based on two or fewer observed deaths. The overall excess disappears when the analysis is restricted to those employed 10 years or more. The routine exposure group has a statistically significant excess of lymphosarcoma (SMR = 561), which accounts for most of the lymphohematopoietic excess. All of the lymphosarcomas occurred in persons employed fewer than 10 years. Cancer of both the large intestine and kidney increased from the group ever employed to those employed 10 years or more.
Most of the excess in lymphohematopoietic cancer for the nonroutine group is due to a nonsignificant increase in leukemia (SMR = 185), which is limited to those employed less than 10 years. Only a slight increase is seen for this group for lymphosarcoma (SMR = 126). Cancer of the prostate has a nonsignificant increase for those employed more than 10 years (SMR = 146), while there is a deficit for the group overall. There is a nonsignificant elevation for stroke for the group overall, but this disappears when the group is restricted to those employed more than 10 years. Cancer ofthe brain shows an elevated SMR (283) for the unknown exposure group, which increases for those employed more than 10 years (SMR = 415). These SMRs are based on three or fewer observed deaths, however. Both nonmalignant respiratory disease and cirrhosis of the liver show nonsignificantly elevated SMRs for the group employed 10 years or more, as compared to those ever in the group, but neither increase is statistically significant. The increase in respiratory disease is primarily due to an increase in deaths from pneumonia (SMR = 232).
The number ofobserved and expected deaths by years worked and latency for all males for all deaths, all cancer deaths, all hemotopoietic deaths, lymphosarcoma, and leukemia are shown in Table 5 . For all deaths the SMRs are essentially unchanged as either latency or duration increases. Similarly, no pattern with latency or duration is seen for all cancer deaths. For all hematopoietic deaths, the largest elevation is seen for those with latency and length of employment fewer than 10 years. The SMRs actually decrease with increasing employment. For lymphosarcoma, again the largest elevation is for those with the shortest employment and latency. The SMRs for leukemia increase with increasing latency but decrease with increasing length of employment. Tables 6 through 9 show the same information for each of the four exposure groups. No overall pattern is seen for the low-exposure group other than that the SMRs for all cancers and for all hematopoietic cancer tend to decrease with increasing lengths of employment. For the routine exposure group, again no pattern is seen. The biggest excess is seen for lymphosarcoma; all deaths occurred in those employed fewer than 10 years; two were in those with fewer than 10 years latency, one in those with 20 to 29 latency, and two in those with 30 years or more of latency. The most interesting result for the nonroutine exposure group is for leukemia. Five of the six deaths occurred in those employed fewer than 10 years, and all had at least 10 years of latency although the deaths were spread out among the other latency categories. No pattern was seen for the unknown exposure group.
Discussion
The overall pattern of results for this update is essentially unchanged from the earlier report on this cohort (1). There was an overall reduction in expected mortality (SMR = 84) when compared with the U.S. white male population, which again was primarily due to a reduction in deaths because of arteriosclerotic heart disease (SMR = 72). The major finding is still the significantly elevated SMR for lymphosarcoma. The group with the highest risk for this cause of death appears to be those employed fewer than 10 years, first hired during World War II, and employed in a job with the potential for routine exposure. The fact that the risk does not increase with increasing length of employment (and presumably increasing cumulative exposure) must be incorporated into any theory that this excess is related to 1,3-butadiene exposure.
Although the leukemia SMR is not elevated for the cohort overall, it is nonsignificantly elevated for the nonroutine exposure group. Half of the leukemia deaths in this group occurred in persons who were first employed during the war and employed less than 5 years. Overall, six of the eight total leukemia deaths were first employed during the war. Again, the risk does not increase with length of employment. The increased risk ?IX for the category symptoms, senility, and ill-defined conditions is not readily explainable. The increase is concentrated in persons who were employed fewer than 20 years, were first employed during the war, and were not in the low exposure group. Obviously this category would decrease with more specific cause of death information from the attending physician. Two other studies have examined mortality in cohorts exposed to 1,3-butadiene although both cohorts consisted of persons engaged in the manufacture of styrenebutadiene rubber (SBR) and so had the opportunity for multiple exposures. The first study by Matanoski and Schwartz (3) covered males who had worked at eight SBR manufacturing facilities in the U.S. and Canada. The overall SMR (81) was very similar to that seen for the current study. The only significant excess seen was for arteriosclerotic heart disease among black males. Risks were examined by major work areas as well as by pay grade, and no significant differences in cancer mortality for specific sites were seen. In particular, no increase was seen for lymphosarcoma (SMR = 49) or leukemia (SMR = 91).
The second study by Meinhardt et al. (4) somehow different from those hired at other times, perhaps because they were not eligible for the draft because of health reasons. The other is that there were major differences in exposure during the war that led to the increases.
In examining work history records for an earlier study of Texaco workers (6) , it became obvious that a number of experienced persons were lent to the 1,3-butadiene plant during the war. In fact, 122 persons overlapped between the two studies. It is very likely that similar overlaps exist with cohorts from other petroleum and chemical facilities in the area. Since most of the elevations of interest were concentrated primarily in persons with short-term employment, the question remains of where else these persons were employed and what other exposures could have lasted substantially longer than those at the butadiene facility.
As mentioned in the earlier report on this cohort (1), there are several weaknesses in this study. Because of unreliable race designations, conclusions based on racespecific rates could not be generated. For this reason, all comparisons were made using white male mortality rates. Second, no work histories or industrial hygiene data were available for the time period of the study. Almost half of the cohort worked fewer than 5 years and obviously spent considerable working time elsewhere with the possibility for numerous other exposures. As mentioned above, it is this portion of the cohort where the increased SMRs are concentrated. Finally, the cohort size is small, and the numbers become even smaller for the exposure group analyses.
However, the study does cover one of the largest cohorts involved solely in the manufacture of butadiene. The cohort has been followed for 43 years and includes all those with 6 months or more employment since the plant began production. have been requested based on the NDI search results. The analyses will be repeated when these data are available. In addition, the company intends to continue to update cause of death information on the cohort at periodic intervals.
